INTRODUCTION
ALL attempts by the earliest workers in the field of foot-and-mouth disease research to produce obvious clinical signs of infection with the virus in white mice were unsuccessful.
Later, following upon the successful development in white mice of "neurotropic" strains of the viruses of yellow fever and horse sickness for immunizing purposes, a similar attempt was made by Nagel (1937) with the virus of foot-and-mouth disease. He found that it was possible to maintain the virus in white mice only if the brain was passaged within twenty-four to forty-eight hours of its inoculation. There were no clinical signs until 140 intracerebral passages had been made (Hofmann, 1941 (Hofmann, , 1944 . Galloway (1939) , Rohrer (1944) and Hudson (1947) made experiments with seven other strains of virus. With five of these strains no clinical signs were seen although from 36 to 104 passages were made. With two strains, clinical signs appeared after 76 and 144 intracerebral passages and were considered to be due to an encephalomyelitis. Many more passages were required before the virus lost its property of producing vesicular lesions in guinea-pigs or cattle and such strains have not been put to any practical use.
The mice used in all the; above work are believed to have been at least 4 to 5 weeks old. Had unweaned mice 1 to 2 weeks old been used fatal symptoms associated with gross changes in the myocardium and skeletal muscles might have been observed from the earliest passages, for this has been the experience with nine bovine strains and six guinea-pig strains of the virus in the work now to be reported.
PRELIMINARY EXPERIMENT
The first clue in this work was obtained quite fortuitously in an experiment performed in February 1950. The susceptibility of the cotton rat to intracerebral inoculation of footand-mouth disease virus was being investigated. At the first passage, in order to foster the small available stock of cotton rats, a large group of white mice, 3 weeks old, was inoculated intracerebrally simultaneously with the cotton rats. These mice were killed at intervals after inoculation so that the titre of the virus in the brain might be followed. The hope was entertained that the information obtained might suggest the lines of future work in the cotton rat if this animal should prove to be resistant.
The virus inoculated was a mixture of bovine strains of different immunological types and without going into details it will suffice to say that at this first intracerebral passage 7 mice, out of 13 remaining after the first day, developed symptoms on the second to fourth day. Passaging was continued in groups often or more mice, 3 to 4 weeks old, with 10 % suspensions of brain tissue inoculated intracerebrally and by the 5th passage the infection rate had reached 100%.
At each mouse passage various tissues were taken for titration on guinea-pigs by the intradermal inoculation of the metatarsal pad and these animals reacted with local and secondary lesions which were identical with those produced by foot-and-mouth disease virus.
Infective material was collected from these lesions as antigen for complement-fixation tests, or the guinea-pigs were allowed to recover and were then tested for immunity with standard type guinea-pig strains, or they were killed for the production of convalescent serum DEC.-COMP. MED. 1 for use in complement-fixation or serum-neutralization tests. Each of these methods of checking the specificity of the infective agent indicated that after the second mouse passage apparently only one type of foot-and-mouth disease virus was surviving. This was one of the three newly recognized types-S.A.T.2 (Galloway, 1950; Galloway, Brooksby, Henderson, 1951) . Two Rhodesian strains of this type had been included-in the original mixture which also contained two strains of type Vallee 0 and one of types Vallee A, Waldmann C and S.A.T.1.
Passaging of this strain was abandoned at the 9th passage in order to determine whether equal success could be attained by initiating passages with individual strains instead of a mixture. In these preliminary investigations three observations had been repeatedly confirmed:
(i) Intradermal guinea-pig titrations indicated that at the height of infection the blood, spleen and pooled heart and lungs each contained up to one hundred times more virus than the inoculated brain collected from the same mice.
(ii) Comparative titrations of brain tissue in mice by the intraperitoneal and intracerebral routes had shown that they were equally sensitive for the detection of virus.
(iii) Whichever of these two routes was used mice 2 to 2j weeks old were more susceptible than mice 3 to 4 weeks old and with each route the clinical syndrome was the same.
When, therefore, strains were examined individually, the heart was chosen as the tissue for passage, the peritoneal cavity as the site of inoculation, and unweaned mice as experimental animals. By adopting this technique, a bovine strain-representing each of the six virus types was established in mice without difficulty.
ESTABLISHMENT OF MOUSE STRAINS REPRESENTING THE SIX VIRUS TYPES
At first mice 14-18 days old were used, but later it was found that 7-10-day-old mice were more susceptible and were essential for satisfactory passaging of some of the strains. No increase in susceptibility was noted in mice under 1 week old.
With the younger mice (7-10 days) the most obvious symptom was a spastic muscular paralysis of the hindquarters which spread and involved the whole of the body if death did not supervene. Respiratory distress was often present also from the earliest stage.
After the first passage or two, symptoms appeared in twenty to forty-eight hours after inoculation even with minimal infective doses and the mice rarely survived longer than twelve hours after their onset. No macroscopic lesions could be detected in the affected skeletal muscles when the course of the infection was so short, but in older and more resistant mice in which death did not occur until later, or in which the symptoms persisted for only a few days, some striking lesions could be seen from about the fourth day after the onset of symptoms. All the muscles of the hindquarters sometimes had up to 90% of their fibres in a state of degeneration and appeared a pale biscuit colour. The areas involved were diffuse in the more recently affected muscles but in older lesions they were variegated and had foci of actively regenerating muscle fibres. These lesions predominated in the hind limbs and lumbar region but often extended forward into the muscles of the back. The abdominal, intercostal, scapular, mandibular and lingual muscles of some mice were also seen to be affected.
In mice of-all ages the earliest symptoms frequently occurred in one hind limb before the other and almost invariably this affected limb was on the side into which the intraperitoneal injection had been made.
If unweaned mice were killed at the time when only one hind limb was paralysed the titre of the paralysed limb, when titrated intraperitoneally in mice, was 10-5 to 10-6 which was at least one hundredfold higher than the titre of the unparalysed limb from the same animal. Removal of the bones from the paralysed limb did not appear to reduce the virus titre.
With most of the strains macroscopic heart lesions, similar in form to those in the skeletal muscle, were seen in 40% to 50% of mice one to two weeks old at the time of death. With these strains heart tissue had a titre of 10-5 to 10-7 in mice. Such high titres have not yet been demonstrated in the blood.
With one strain (149) heart lesions were rare and the titre of the heart tissue did not rise above 10-3, yet the paralysed limbs from the same mice had a titre of 10-6. With this strain the hind limbs were finally chosen as the tissue for passage.
Further observations are required on the evolution of the disease syndrome and the morbid changes in the different tissues, and an attempt made to correlate these with the findings on the concentration of virus in these tissues. The results should make it possible to form a more definite opinion with regard to the sites of multiplication of the virus. At this early stage, however, the possibility must be considered that the virus may multiply in skeletal and cardiac muscular tissue.
Five of the strains were taken to the 20th mouse passage and one (R.V.7) to the 6th mouse passage. Virus from these final passages was used in extensive tests to determine the type specificity of the strains. It was used (i) to infect guinea-pigs which were later tested with Section of Comparative Medicine 1043 the standard guinea-pig strains, (ii) to test the immunity of guinea-pigs immune to the standard guinea-pig strains, and (iii) in serum-neutralization tests in mice in which the sera were the standard hyperimmune guinea-pig sera for complement-fixation tests prepared at Pirbright. All these tests showed conclusively that each strain had maintained its type specificity throughout passaging in mice. The fact that specific neutralization of the strains could be readily demonstrated in mice showed that no virus other than that of foot-andmouth disease was implicated.
Virus from the final passages of each strain was titrated in groups of mice of all ages and the essential results, which were similar to those seen at earlier passages, are summarized in Fig. 1 tiveiy.
AGE OF MICE

OTHER SPECIES SIMILARLY AFFECTED BY FOOT-AND-MOUTH DISEASE VIRUS
In some epizootics of foot-and-mouth disease a common feature is a high proportion of sudden deaths in young calves and pigs and at post mortem the only gross pathological changes to be seen in these young animals are in the myocardium. A similar syndrome has been produced experimentally in very young puppies (Stockman et al., 1927; Giolitti, 1950) and in very young guinea-pigs (Schmidt, 1936) .
With certain field strains of virus associated with "malignant" foot-and-mouth disease a small proportion of adult cattle may also develop lesions in both the myocardium and skeletal muscles (Trautwein, 1929; Pallaske, 1940 Pallaske, , 1941 .
OTHER VIRUSES CAUSING A SIMILAR SYNDROME IN MICE
Symptoms and lesipns in young mice which closely resemble those associated with infection with strains of the virus of foot-and-mouth disease are observed also in mice infected with other viruses. These include the viruses of the mouse encephalomyelitis (Rustigan and Pappenheimer, 1949) and the encephalo-myocarditis (Schmidt, 1948; Dick, 1948; Warren, Smadel and Russ, 1949) groups, and strains of Coxsackie virus (Dalldorf, 1950; Melnick, 1950; Pappenheimer et al., 1950; Melnick and Godman, 1951) .
Our own studies are not yet sufficiently advanced to allow comment on the comparative histological features of the lesions. Serum-neutralization tests with sera prepared against Mengo-encephalomyelitis virus (EMC group) and eight types of Coxsackie virus have failed to demonstrate neutralizing action on any of the six standard type mouse strains of the virus of foot-and-mouth disease. Results with sera prepared against both types of vesicular stomatitis virus have been the same.
APPLICATION OF FINDINGS
(i) Virus titration.-Throughout passaging of the straifis there was no loss of their ability to infect the guinea-pig by intradermal inoculation of the metatarsal pads. The titre of the mouse strains in guinea-pigs inoculated intradermally on the metatarsal pads (I.D.) was consistently about a hundredfold lower than in mice inoculated intraperitoneally (I.P.) both at the early and late passages. One strain (M.11) after 20 mouse passages was titrated simultaneously in mice and cattle (I.D. inoculation of tongue). The titre in cattle was one hundred-fold lower than in mice, but the disease was as severe as that caused by the original bovine strain.
These results correspond with those already known to apply to bovine strains and guinea-pig adapted strains. Comparative titrations carried out in guinea-pigs and cattle show that the guinea-pig strains have the highest titre in guinea-pigs, and the bovine strains have the highest titre in cattle (Henderson, 1949) .
It was surprising, therefore, to find that when six different guinea-pig strains-three of which had received over 500 intradermal passages in the guinea-pig-were titrated in mice (f.P.) and simultaneously in guinea-pigs (I.D.), the titre in mice was in each case about 10 to 50-fold higher than in the guinea-pig. With the co-operation of Dr. Henderson, simultaneous titrations in cattle (I.D. inoculation of tongue) and in mice (I.P.) have so far been performed on four occasions with two bovine strains and each time the titre in mice was at least as high as that in cattle.
The standard dose of inoculum for unweaned mice throughout this work has bzen 0*03 ml.
This amount may be slightly in excess of the total volhme retained at the sites of inoculation in a guinea-pig, but it is probably not greater than that retained at each site inoculated on the tongue of cattle. With these strains, therefore, the unweaned mouse, about 1 week old, has proved to be a very sensitive animal for detecting the virus of foot-and-mouth disease in high dilution and it may be found to be a valuable experimental animal for general use for this purpose.
(ii) Serum neutralization.-The results obtained in the serum-neutralization tests already mentioned showed a further use for the unweaned mouse. By such tests it has been possible to demonstrate that mature mice which resist overt infection nevertheless undergo a subclinical infection, for serum collected three weeks later may have a neutralization index of at least 1,000.
Mature mice infected subclinically in this way have also produced litters several weeks later which cannot be infected clinically with homologous type virus.
It is possible to carry out serum-neutralization tests with bovine strains and bovine sermn directly on mice and in such a test convalescent bovine serum has, at a dilution of 1/50, shown a neutralization index of 10,000. This is a higher figure than would be expected for undiluted serum if the test had been carried out in cattle, the only other satisfactory animal for this purpose (Brooksby, 1949) , Such a test should be of great service in immunological studies and epizootiological investigations.
The mice used in this work have been from our own colony which originated from the Mill Hill Parkes' strain. Latterly, a "Swiss" strain from the Agricultural Research Council's Field Station at Compton has also been used.
